Thin-layer chromatography of the ethyl ether-ethanol-soluble fraction after incubation with ["S Imethionine is useful for differentiation among mycobacterial species. Scanning of the radioactivity on chromatograms showed various distribution patterns of radioactive spots, and the patterns were, in most cases, characteristic for the species. bouis showed significantly lower activity than the other mycobacteria. The present study was designed to develop the previous method into a more reliable one.
MATERIALS AND METHODS
The strains used are listed in Table 1 . Most of the strains were identified through cooperative studies of the International Working Group on Mycobacterial Taxonomy (IWGMT) (11, 18, 35) . Some strains were identified in this laboratory by methods described previously (29, 30) . The organisms were grown in Ogawa egg medium a t 37 C for 5 days (rapidly growing mycobacteria, M . phlei through M . flauescens in Table 1 ) or 14 days (slowly growing mycobacteria, M . kansasii through M . gordonae in Table 1 ). The cells were washed three times in saline and then weighed; 100-mg amounts (wet weight) of the cells were suspended in 2.0 ml of 0.067 M phosphate buffer solution (pH 7.1) containing 5 pCi of ~-[~~S ] m e t h i onine and 10 pg of sodium acetate per ml. The tubes containing the mixture were stdppered with cotton plugs and incubated a t 37 C for 20 h. After incubation, the cells were centrifuged a t 500 x g for 15 min and washed twice with 5.0 ml of chilled water. The cells were extracted twice with 2.0 ml of 10% trichloroacetic acid, each for 10 min. The acid extracts were separated from the cells by centrifugation and discarded. The cells were then extracted twice with 3.0 ml of ethyl ether-ethanol (l:l, vol/vol) for 10 min each. During the first 5 min of the extraction, the cells were mixed continuously with a glass stick a t room temperature (25 + 3 C); during the second 5 min, the tubes were allowed to stand in an incubator a t 37 C, during which time the cells sedimented. The extracts could then be separated easily by means of a pipette. The combined ethyl ether-ethanol-soluble fractions were labeled as "lipid fraction." The residue was dissolved in 2.0 ml of a 1% NaOH solution by heating a t 100 C in a water bath for 5 min.
~-[~~S ] m e t h i o n i n e was a product of New England Nuclear Corp., Boston, Mass. (specific activity, 264
Ci/mmol; radiochemical purity, > 93%; containing < 7.0% methionine sulfoxide, <0.2% methionine sulfone, and <0.2% homocysteic acid). Ethyl ether was a product of Katayama Chemical Company, Osaka, Japan (specific gravity, below 0.720; fraction [ The samples were placed in stainless-steel planchets and dried by heating with an infrared lamp. The radioactivity of each sample was measured by a gas flow counter. The samples of the lipid fraction and the residue fraction contained the radioactivity from 3.3 mg (wet weight) and 10 mg (wet weight) of the cells, respectively.
After the sample was taken for measurement of radioactivity, the remaining lipid fraction was concentrated to 0.1 ml under reduced pressure at room temperature, and the concentrate was subjected to thin-layer chromatography (TLC).
Silica thermoresistibile are shown as examples in Fig.  2 and 3 . All three strains of M . avium and all three strains of M . thermoresistibile showed the same pattern ( Fig. 2 and 3) . On the other hand, two strains of M . nonchromogenicum showed the same pattern, but one strain showed a slightly different pattern, lacking a spot (Fig. 2) .
All three strains of M . lzansasii and all three strains of M . marinum showed the same patterns, one of each of which is illustrated in Fig.  4 . These two photochromogens were differentiated clearly by the pattern.
Strains of the species of group I1 seemed to be heterogenous as to pattern. Of two strains (12008 and 12107) of M. marianum (synonym M . scrofulaceum), the latter strain lacked two spots that the former showed (Fig. 4) . Another strain (12002) had the same pattern as that of strain 12008. Three strains of M . gordonae showed slightly different patterns (Table 3) . (Mean in three or five strains) f-(standard deviation). The radioactivity shows the activity measured in a 0.2-ml sample. Since the amounts of' ethyl ether-ethanol-soluble and residue fractions were 6.0 and 2.0 ml, respectively, the total radioactivity in the fraction can be obtained by multiplying the counts per minute by 30 and 10, respectively.
On: Thu, 06 Dec 2018 09:17:52 VOL. 25, 1975 DIFFERENTIATION AMONG MYCOBACTERIA BY TLC Strain T-12109 showed three spots, a, b, and e (Fig. 5A) ; strain T-12110 showed three spots, a, b, and c (Fig. 5C) ; and strain T-12177 showed four spots, a, b, c, and e. The results suggest that M. gordonue may be more heterogenous than other species.
Strains of M . intracellulare showed the same pattern (Fig. 5A). (It was very similar to that of M . auium Fig. 21 .) All three strains of M . terrae (Fig. 5E ) and three strains of M . triuiale (Fig.   5F ) showed the same pattern, suggesting that these two species may be identical. Strains of M . nouum (Fig. 5D) showed a pattern slightly different from that of M . terrae and M . triviale.
Among nonpathogenic group I11 mycobacteria, the pattern for M . nonchromogenicum (Fig. 2A , B, C) could be distinguished from those of the other three, M . nouum, M . terrae and M . triuiale (Fig. 5D, E, F) . However, the patterns of these four species showed some similarity. The patterns of rapidly growing mycobacteria are shown in Fig. 6 and 7 . Usually, strains belonging to the same species showed the same pattern.
However, three strains of M . aurum showed two spots and two strains showed only one.
M . thermoresistibile and M . chitae showed similar patterns, although these two species differ distinctly from each other in their phenetic characters (29) . Four strains of M .
flauescens showed four spots, whereas one strain showed two spots. Two subspecies of M . chelonei differed slightly in their patterns (Fig.   6 ).
DISCUSSION
The purpose of this study was to investigate the possibility of using TLC of the lipid fraction for differentiation among mycobacterial species. The ethyl ether-ethanol extraction method was chosen to simplify the procedure, although it might be insufficient for extraction of all lipids. This method gives results which may be useful for differentiation among certain mycobacterial species. We do not propose to investigate the method in greater depth. The information may be of use to others for further research, the possibilities of which are illustrated by the following. Both M . kansasii and M . marinum showed three common spots, but the former was differentiated from the latter by the presence of a fourth prominent spot ( Fig. 4; Table 3 ) . M . auium and M . intracellulare showed the same pattern ( Fig. 2; Fig. 5 ). These two were considered to belong to the same species by the IWGMT (18) .
In an IWGMT study, M . nonchromogenicum and M . terrae were considered to be closely related but of two different species (18) . The results of our study suggest that these are differentiable by their patterns, although the patterns are of considerable similarity. Although M . nouum was considered to be a synonym of M . terrae in an IWGMT study (18) , these two showed slightly different patterns (Fig. 5) . M . terrae and M . triuiale showed the same pattern (Fig. 5) . M . marianum ( M . scrofulaceum) and M . gordonae appear relatively heterogeneous with respect to their patterns, but these were distinguishable from the others.
Among rapidly growing mycobacteria, M . phlei and M . smegmatis showed characteristic patterns (Fig. 6 ). The patterns of M . chitae and M . thermoresistibile were similar to each other but different from those of the others (Fig. 6 FIG. 1 and 7). Two subspecies of M . chelonei showed slightly different patterns (Fig. 6) . M . uaccae and M . aurum showed similar patterns (Fig. 7) , but the type strain of M . aurum (15006; ATCC 23366) lacked one spot.
Strains identified as M . flauescens seemed to be heterogenous with respect to the pattern (Fig. 7) . Four strains isolated in Japan (Table 1) had once been identified as M . gallinarum ( 
